Background: Although moderate to severe diastolic dysfunction (DD) seems to be associated with poor prognosis after isolated coronary bypass surgery, the impact of mild DD has not been investigated extensively in this group of patients.
INTRODUCTION
Left ventricular (LV) diastolic function has an important implication in evaluating heart disease [1] . It has a prognostic significance in heart failure [2] [3] [4] [5] [6] and reflects accurately the clinical functional status of patients with heart failure [7, 8] , but its significance is not clear enough in patients undergoing coronary artery bypass grafting (CABG) surgery. A strong relation between increased LV end diastolic pressure (LVEDP) and early mortality after cardiac surgery has been reported [9, 10] . Additionally, there have been several clinical studies that have shown moderate and severe diastolic dysfunction (DD) associated with worse prognosis [11, 12] . The degree of DD is correlated with LVEDP [13] and moderate and severe dysfunction is associated with elevated pressure, while mild dysfunction is not. Recent studies have concluded that LVEDP and severe DD is an important variable in predicting postoperative outcome and therefore should be incorporated in surgical risk models [14, 15] . However, DD is often mild in patients undergoing CABG [15] , and the effect of mild DD has not been completely investigated in this group of patients. For this reason, we aimed to investigate the effect of mild DD on outcome after CABG in patients with preserved LV systolic function.
METHODS

Patients
The records for LV diastolic function were available for 650 patients who had undergone isolated CABG between January 2009 and August 2011. The local ethics committee approved the investigational protocol described herein. Patients with baseline rhythm other than sinus (n = 37), moderate or severe valvular dysfunction (n = 38), and LV ejection fraction lower than 50% (n = 73) were excluded. Patients with moderate or severe DD (n = 30) were also excluded both because of an inadequate number to make a reliable statistical analysis and coexisting reduced LV systolic function in the huge majority of these patients. A total of 472 patients were identified within the database that fulfilled the eligibility criteria for this analysis.
Evaluation of the diastolic function
Diastolic function was evaluated routinely by using mitral inflow waves, tissue Doppler imaging (TDI) and pulmonary vein flow waves analysis with echocardiography. DD was classified as mild (grade 1, impaired relaxation), moderate (grade 2, decreased compliance) or severe (grade 3-4, restrictive pattern) as indicated in the 2009 recommendations for the evaluation of LV diastolic function [16] . Normal E' value (> 10 cm/s), evaluated by TDI and measured from LV lateral wall, and presence of E/A ratio > 1, evaluated by mitral inflow waves were considered as normal diastolic function. Decreased E' value (< 10 cm/s) and E/A ratio < 0.8 were considered as grade 1 DD.
Data collection and statistical analysis
Data was collected on the following variables: patient age and sex, body mass index, LV ejection fraction, smoking history, presence of comorbid disease, urgency of operation, previous cardiac surgery, Euroscore, logistic Euroscore, cardiopulmonary by-pass time, and number of grafts performed. The variables were chosen based on a review on the literature and on the experience of the clinicians in the research group. The endpoints were a need for perioperative inotropic support (defined as giving inotropic medication for more than 4 h) or intra-aortic balloon pump, the development of postoperative atrial fibrillation, acute renal failure (index hospitalisation), length of hospital stay and mortality (index hospitalisation or first 30 days).
All data was extracted from the institutional database and reported as a percentage or as a mean ± standard deviation. Categorical variables were compared using the c 2 or Fisher's exact test and continuous variables with Student's t tests. Statistical analysis was performed using SPSS statistical software (SPSS version 11.0, SPSS Inc, Chicago, IL, USA). Variables were considered significant at p values less than 0.05. As univariate analysis did not reveal any significant differences between the two groups, no further attempt was made to make risk adjustment or multivariate analysis.
RESULTS
A total of 472 patients were identified as fulfilling the eligibility criteria, and these patients were stratified according to the echocardiographic findings as follows; group 1, patients with normal diastolic function (n = 168), and group 2, patients with mild DD (impaired relaxation) (n = 304). Table 1 demonstrates the demographic characteristics and operative data. The two groups were comparable except for incidence of outcome and therefore it should be accepted an an important variable in the risk stratification systems. Afilalo et al. [15] also demonstrated that severe DD was found to be a predictor of mortality or major morbidity after CABG. The degree of DD is correlated with end diastolic pressure [13] and studies demonstrated that increased filling pressures correlate with operative mortality in patients undergoing cardiac surgery [9, 10, 14, 25] . Therefore, it has been suggested that DD with elevated LVEDP has a predictive value for outcome following CABG surgery and may improve the predictive accuracy of the Euroscore [14] . However, mild DD has not been evaluated extensively and it is common in patients undergoing CABG in clinical practice. In one small retrospective study, it was suggested that impaired relaxation may be an important factor in the surgical outcome in patients who underwent CABG. Overall complication was observed slightly more often in patients with impaired relaxation compared to normal patients, but when each complication or mortality is compared in two groups, there was no significant difference [26] .
While DD with elevated LV diastolic pressure can predispose to increased perioperative mortality and morbidity, our study revealed that mild DD, with normal filling pressure, does not seem to be a predictor of adverse outcome after CABG in patients with normal LV ejection. Elevated LV diastolic pressure is usually associated with reduced LV ejection fraction and increased pulmonary pressure, which are well known risk factors for cardiac surgery [9, 27] . Additionally, increased filling pressure may impair subendocardial perfusion and may also lead to the patient being sensitive to the volume changes, which is common in the perioperative setting. All these changes may be associated with reduced cardiac output and haemodynamic instability in the critical perioperative period. On the other hand, normal filling pressure can be associated with better haemodynamic profile. It is also observed that individuals with increased LVEDP (> 22 mm Hg) had an hypertension, angiotensin converting enzyme inhibitors (ACEI) use, and peripheral vascular disease, which were more common in patients with DD. Outcome parameters are shown in Table 2 . No significant difference was found between the two groups with regards to outcome parameters.
DISCUSSION
The results from this study indicate that mild DD, which normally correlates with normal LV diastolic pressure, is not associated with increased mortality and morbidity after CABG.
The demographic variables in our study are consistent with the known relationship of DD between hypertension and atherosclerotic vascular disease. Using ACEI is more common in patients with DD probably due to the high incidence of hypertension.
Prognostic value of the diastolic function has already been demonstrated in patients with a variety of cardiac diseases [2, [17] [18] [19] [20] [21] and it is also known that DD is associated with many conditions, such as ageing, history of myocardial infarction, diabetes mellitus, low ejection fraction and renal dysfunction, which increase postoperative risk [22] . However, the impact of DD on outcome after CABG has not been fully studied. Many risk factors have been included in classic risk scoring systems in cardiac surgery, but none of these systems integrated DD as a risk factor so far because of the insufficient number of clinical trials and probably the uncertain effect of various degrees of DD.
Several studies have evaluated the prognostic significance of DD after cardiac surgery and it has been linked to an increased incidence of postoperative complications [11, 12, 23, 24] . All of these studies revealed that outcome correlated with severity of DD.
Vaskelyte et al. [11] demonstrated that restrictive LV filling pattern is associated with increased postoperative mortality and morbidity. On the other hand, Merello et al. [12] showed that severe DD is a strong independent predictor of adverse approximately two-fold increase in risk compared to normal LVEDP (< 14 mm Hg) [9] .
Limitations of the study The main limitations of this study are its retrospective nature and lack of comparison with more severe DD, which would be needed to more precisely identify the additive impact of DD severity on surgical outcome in patients with normal LV systolic function.
CONCLUSIONS
Preoperative evaluation of the diastolic function, which has an important implication in the assessment of the surgical outcome and prognosis, seems to be correlated with severity of DD. However, mild DD (impaired relaxation) is not associated with adverse outcome in patients with preserved LV systolic function.
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